Consecutive missed doses may differentially impact the efficacy of antiretroviral therapy associated with the use of a nonnucleoside reverse-transcriptase inhibitor (NNRTI) and a ritonavir-boosted protease inhibitor (PI). In a cohort of 72 subjects receiving a boosted PI, average adherence to dosage was a better predictor of human immunodeficiency virus (HIV) replication than was the duration or frequency of treatment interruption. In contrast with an NNRTI, consecutive missed doses of a boosted PI did not emerge as a major risk factor for HIV replication.
herence remains one of the keys to realizing the benefits of either type of regimen [1] [2] [3] [4] [5] , the impact of nonadherence has been shown to differ between PI-and NNRTI-based HAART in terms of virologic failure and antiretroviral resistance [6] [7] [8] [9] . The percentage of missing doses and the pattern of missed doses may have different outcomes for PI-or NNRTI-based regimens. For example, consecutive missed doses in the form of a treatment interruption posed a greater risk of human immunodeficiency virus (HIV) replication on NNRTI-based antiretroviral therapy than did the same number of interspersed missed doses [10] . In particular, NNRTI-based regimens were vulnerable to treatment interruptions for 17 days [10] among patients with low-to-moderate adherence (!80%).
We examined the relationships between the level and pattern of adherence in a prospective cohort of HIV-infected individuals treated with ritonavir-boosted PI therapy. Our specific objectives were to describe the temporal association between average percent adherence, treatment interruption, and HIV replication for all subjects and for a subset of subjects with !80% adherence, to determine whether individuals with low-to-moderate adherence who were treated with a ritonavir-boosted PI are susceptible to treatment interruptions.
Methods. We conducted the analysis of data collected from 2 multicenter prospective observational cohort studies of HIVinfected patients treated with ritonavir-boosted PIs: ESPOIR (Etude et Surveillance par Pilulier électronique de l'Observance et de l'Incidence de la Réplication virale) and REACH (REsearch in Access to Care in the Homeless). The ESPOIR cohort selected consecutive patients receiving or starting twice-a-day lopinavir-ritonavir-based regimens and monitored adherence in several outpatient clinics in France. The REACH cohort selected HIV-positive homeless and marginally housed individuals in San Francisco, California. Participants from the REACH cohort who received ritonavir-boosted PI were similarly included in the analysis. The rationale for combining both cohorts was to increase statistical power and adherence-pattern diversity to make meaningful inferences. The Institutional Review Board of the University of Caen (ESPOIR) and the Committee on Human Subjects Research of the University of California, San Francisco (REACH), approved all study procedures, and patients provided written informed consent. HIV replication was defined as an HIV RNA level of у400 copies/ mL and as an HIV RNA level of у50 copies/mL (investigatordefined treatment failure or 12 months of follow-up, whichever comes first). Because both HIV RNA limits provided similar results concerning predictors of viral replication, only the у400 copies/mL limit is reported.
Adherence was prospectively measured using 6 caps of the Medication Event Monitoring System (MEMS; Aardex). In addition, adherence was confirmed by measuring lopinavir plasma levels in the ESPOIR cohort and by having monthly unannounced pill counts in the REACH cohort. Electronic medication monitors measure patterns of missed doses with a timedate record of pill bottle opening behavior. Average percent dose adherence was defined as the number of MEMS events (pill bottle openings), divided by the number of prescribed doses, multiplied by 100. As previously reported in Parienti et al [10] , we characterized patterns of missed doses by several a priori measures: (1) number of days without a dose, defined as drug discontinuation for 124 h and !48 h; (2) number of treatment interruptions lasting у48 h; and (3) the duration of the longest treatment interruption (in days).
Continuous variables were summarized as mean values, median values, standard deviations, and interquartile ranges (IQRs), depending of their distributions. Dichotomous data were summarized as proportions. The effect of adherence on the probability of virologic replication was estimated by calculating odds ratios (ORs) and their 95% confidence intervals (CIs) using univariate logistic regression models. To determine which adherence pattern explained the larger amount of variance in virologic outcome, we conducted forward, backward, and stepwise model selections among all 4 potential adherence patterns, with a likelihood ratio test limit of to enter P ! .05 and remain in the model. In a second step, we assessed the independence of predictors. Because we were concerned by the risk of collinearity among adherence patterns, we only forced average percent adherence and longer treatment interruption in the multivariate analysis.
We also conducted a predefined sensitivity analysis limited to subjects with !80% adherence in order (1) to increase the variability of adherence patterns, because subjects with у80% adherence had homogeneous adherence patterns [10] , and (2) to test whether adherence patterns still predicted viral replication at low-to-moderate adherence. In this analysis, quantitative variables were compared between groups with and without HIV replication by use of the exact Wilcoxon rank sum test, because of the uncertainty of whether the adherence data from this small sample met assumptions of the normal distribution. Analyses were performed using PowerView, version 2.3.3 (Aardex), and SAS, version 9.1 (SAS Institute). All reported P values are 2-sided, and a P value of !.05 was considered to be statistically significant.
Results. Seventy-two patients were followed during the period from December 2006 through December 2008. The mean age ‫ע(‬ standard deviation) was years, and 59 (82%) 43.9 ‫ע‬ 7.5 of the 72 patients were male. The median CD4 + cell count was 339 cells/mm 3 (IQR, 210-550 cells/mm 3 ). Of these 72 patients, 55 (76%) were treated with a combination of lopinavir and ritonavir, and 13 (18%) were treated with atazanavir boosted by ritonavir. Other baseline characteristics are shown in Table 1 .
The percentages of individuals with HIV replication are depicted in Figure 1 , by different adherence strata and different levels of HIV RNA. All adherence measurements, including the frequency of short-term interruptions (24-48 h), significantly predicted HIV replication 1400 copies/mL, as shown in Table  2 . The average percent adherence was the only adherence pattern retained in the logistic model predictive of viral replication (likelihood ratio, 55.4;
). In multivariate analysis, av-P ! .001 erage percent adherence (OR, 0.30; 95% CI, 0.15-0.60; P ! ), not longer treatment interruption (OR, 1.07; 95% CI, .001 0.96-1.18;
), was associated with viral replication. Fig-P p .22 ure 2 shows the relationship between average percent adherence and the longer durations of treatment interruption in days, in a dual-scale adherence plot. Subjects with 180% average adherence also had treatment interruptions, and all except one achieved virologic suppression. Relationship between average percent adherence to boosted protease inhibitor (PI) therapy and longer treatment interruption among subjects with (red) and without (green and blue) HIV replication. The red lines on the X-axis and the Y-axis correspond to the median average adherence rate and the duration of treatment interruption, respectively, among subjects with a subsequent HIV RNA level (ie, viral load [VL]) of у400 copies/ mL. The blue lines on the X-axis and the Y-axis correspond to the median average adherence rate and the duration of treatment interruption, respectively, among subjects with a subsequent VL of !400 copies/mL and low-to-moderate adherence (!80%). The difference in average percent adherence, but not treatment interruption duration, is statistically significant between those with a VL of у400 copies/mL and those with a VL of !400 copies/mL. Relationship between average percent adherence to nonnucleoside reverse-transcriptase inhibitor (NNRTI) and longer treatment interruption among subjects with (red) and without (green and blue) HIV replication. The red lines on the X-axis and the Y-axis correspond to the median average percent adherence rate and duration of treatment interruption, respectively, among subjects with a subsequent HIV RNA level (ie, viral load [VL]) of у400 copies/mL. The blue lines on the X-axis and the Y-axis correspond to the median average adherence percent rate and the duration of treatment interruption, respectively, among subjects with a subsequent VL of !400 copies/mL and low-to-moderate adherence (!80%). The difference in duration of treatment interruption, but not average percent adherence rate, is statistically significant between those with a VL of у400 copies/mL and those with a VL of !400 copies/mL. This figure was adapted from Figure 2 in Parienti et al [10] .
Among subjects with low-to-moderate (!80%) adherence, the median difference in longest treatment interruption between those with and without HIV replication was 4.7 days (16.3 days vs 11.6 days, respectively), which was statistically nonsignificant ( ), whereas the median difference in av-P p .22 erage percent adherence between those with and without HIV replication was 36.5% (32.1% vs 68.6%, respectively), which was statistically significant ( ) ( Figure 2 ). P ! .001 Discussion. Consistent with several previous studies, average percent adherence to boosted PIs was closely associated with viral suppression [11, 12] . Greater than 95% adherence conferred 100% sensitivity to predict HIV RNA suppression !50 copies/mL. However, viral suppression was also common among patients with 170% average adherence: all except 1 (98%) had an HIV RNA level !400 copies/mL, and all except 4 (92%) had an HIV RNA level !50 copies/mL. Consequently, this implies that !95% adherence to boosted PIs, as opposed to unboosted PIs, can lead to viral suppression [13] . When the analysis was restricted to patients with low-to-moderate adherence (ie, !80%), average percent adherence remained statistically associated with HIV RNA replication !400 copies/mL. In contrast to Shuter et al [14] , our data suggest that the level of adherence is closely associated with HIV replication, even at an adherence rate of !80%. Treatment interruptions also predicted virologic replication in a univariate logistic regression model; however, treatment interruptions were no longer statistically significantly associated with virologic replication in the multivariate logistic regression analysis, adjusting for average adherence, or among patients with low-to-moderate adherence.
As adherence rates decrease, different patterns of missed doses are possible, as shown in Figure 2 . Missed doses can either occur as sustained interruptions or as more regularly interspersed missed doses. Unlike NNRTI-based regimens ( Figure 3 , adapted from Parienti et al [10] ), the characteristics of treatment interruption did not emerge as major risk factors explaining virologic outcome with ritonavir-boosted PI-based regimens.
Although the assessment of MEMS-defined adherence patterns was precise, both the sample size and the number of events were small. In addition, we did not measure drug resistance, and the risk of resistance after the initial virologic failure of ritonavir-boosted PI-based therapy is predictably low [11, 15] . Finally, differences in study design may limit the comparison between current and previous work [10] . We believe that the biological plausibility of our observational findings compensates for these limitations. Boosted PIs have a short half-life. For this reason, regularly interspersed missed doses may pose more problems for ritonavir-boosted PIs than for NNRTIbased regimens [10, 16] . On the other hand, the emergence of drug resistance in the presence of suboptimal plasma drug levels is unlikely given the short-half life of the drug [9] , the poor viral fitness [17] of the mutants, and the high genetic barrier of boosted PIs. These results may not extrapolate to darunavirritonavir-based regimens, because of the unique pharmacodynamics conferred by a very long fixation to the protease enzyme [18] . Lopinavir-ritonavir was more sensitive than darunavir-ritonavir to a suboptimal average adherence of !95% in term of HIV RNA replication [12] . Finally, patterns of adherence for all the components of combination antiretroviral therapy, including the boost, need to be considered [19] . Because only 1 medication was monitored, we were unable to assess the impact of differential adherence, which is impossible with regimens composed of a single fixed-dose combination dosage form.
Our results, combined with previous studies [10, 20] , may have implications for the choice of antiretroviral therapy among patients at risk of treatment interruptions [21, 22] . Of note, drug supply shortage or difficulties in transportation are the most frequent reasons for treatment failure in developing countries [20] . NNRTI-based regimens are the most commonly used regimen class in resource-limited settings. We know that treatment failure, as a consequence of NNRTI interruptions, is associated with HIV RNA rebound and drug resistance [4, 23] . Because, HIV RNA monitoring and genotyping are not routinely available, pharmacy refill monitoring has been proposed as a substitute for viral load monitoring [24] . Such monitoring may be more effective for PI regimens than NNRTI regimens because it does not capture interruption patterns. The use of boosted PIs may confer several advantages in this setting, including improved performance of pharmacy refill monitoring for virologic suppression and a reduction in the impact of interrupted therapy, which is a common form of missing doses in resource-limited settings.
In summary, maximal average percent adherence confers the highest probability of sustained viral suppression in HIVinfected patients treated with boosted PI-based regimens. In contrast to NNRTI-regimens [10] , ritonavir-boosted PI regimens do not appear to be specifically vulnerable to treatment interruptions.
